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(54) ENGINE STARTER AND METHOD FOR CONTROLLING ENGINE STARTER

(57) When an engine is started, a relay (13) is driven
from the control unit (9) and a second solenoid (2b) is
driven. Then, a Duty signal by PWM is transmitted to a
first semiconductor switch element (6), and a current
flows from a battery (8) to a starting motor (1) in a first
current circuit via wiring (4) and the first semiconductor
switch element (6) to the starting motor (1). By the Duty
signal, the current is restricted only in a predetermined
time, then, the control unit (9) drives the relay (13), and
thereby, drives a first solenoid (2a), an auxiliary current
circuit adapted to be in parallel to the first current circuit
is closed, and currents are supplied to the starting motor
(1) in the first current circuit and the auxiliary current cir-
cuit connected in parallel.
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Description

Technical Field

[0001] This invention relates to a system of starting an
engine using a starting motor and a control method there-
of.

Background Art

[0002] For environmental measures and saving ener-
gy sources, it has been considered to automatically stop
idling by shutting off a fuel supplied to an engine when a
predetermined condition permitting temporary stop of the
engine during driving of an automobile is fulfilled, and it
has been implemented in some automobiles.
[0003] In the automobile having the function of idling
stop, it is necessary to drive an engine starting system
at each time of restart after idling stop. The current con-
sumed by the engine starting system is compensated for
by charging using a power generator during driving of
the automobile engine, and therefore, to reduce the cur-
rent consumed by the engine starting system may be one
of measures for improvement of fuel efficiency.
[0004] Further, at each time of restart after idling stop,
electrical equipment such as a navigation system may
be momentarily stopped because of voltage drop of a
battery due to the initial excessive current flowing in the
starting motor, and reduction of the current consumption
of the engine starting system is demanded.
[0005] As a technology of fulfilling the demand, control
of the excessive current after a starting switch is turned
on has been performed using a semiconductor switch
element and a control unit thereof as disclosed in Patent
Document 1.

Prior Art Documents

Patent Documents

[0006]

Patent Document 1: Japanese Patent No. 2616510
Patent Document 2: Japanese Patent No. 4214401

Summary of Invention

Technical Problem

[0007] When a starting motor of turning on an ener-
gization path to a motor with a semiconductor switch el-
ement is used for idling stop, three types of engine restart
modes are conceivable. The first mode is engine restart
when starting moving on a green light after stopping on
a red light for one minute, for example.
[0008] The second mode is restart when a restart re-
quest of the engine is issued in an automatic stop period
of the engine after an automatic stop request is issued

during driving of the engine as disclosed in Patent Doc-
ument 2.
[0009] The third mode is restart when a restart request
is issued immediately after the automatic stop of the en-
gine is completed and the engine is completely stopped.
[0010] In the prior art technology of Patent Document
1, there is no problem in the first restart mode, however,
in the second restart mode, there is a problem that, when
a restart request is issued at swing-back (negative rota-
tion) immediately before the engine rotation is completely
stopped, the current load on the starting motor becomes
excessive and the temperature of the semiconductor
switch element as a part of a current circuit to the starting
motor rises beyond the acceptable range. Further, in the
third restart mode, there is a problem that, when the en-
gine restart request is issued immediately after the en-
gine is completely stopped, the pressure within the cyl-
inders of the engine remains high in the case where the
pistons of the engine are stopped before the top dead
center or the like, the current load on the starting motor
becomes excessive and the temperature of the semicon-
ductor switch element as the part of the current circuit to
the starting motor rises beyond the acceptable range.
[0011] Further, for self-propulsion of a vehicle using
power of the starting motor in a manual transmission car,
in the related art technology of Patent Document 1, there
is a problem that the temperature of the semiconductor
switch element rises beyond the acceptable range.
[0012] Furthermore, when a predetermined time is tak-
en until a control unit for controlling the semiconductor
switch element becomes operative (for example, start by
Key), there is a problem that the start of the engine should
be awaited until the control unit becomes operative.
[0013] In addition, in the case where the engine is start-
ed when the engine is cold (including the extremely low
temperature such as -25°C), there is a problem that the
current load on the starting motor becomes larger be-
cause of reduced viscosity of the engine oil or the like,
and the gasoline is hard to be gasified and the start of
the engines takes time due to the low temperature, and
the temperature of the semiconductor switch element ris-
es beyond the acceptable range.
[0014] However, those problems have not sufficiently
be considered in the related art technologies.
[0015] An object of the invention is to provide an engine
starting system using a semiconductor switch element
that can improve reliability of the semiconductor switch
element even when an excessive current flows in a motor.

Solution to Problems

[0016] The object has been achieved according to the
invention described in claims.
[0017] For example, according to one embodiment of
the invention, an engine starting system includes a sem-
iconductor switch element and a starting motor, and
starts an engine of a vehicle by drive power of the starting
motor by turning on a current circuit to the starting motor
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according to an instruction signal using the semiconduc-
tor switch element, and the system includes a restriction
unit that restricts energization to the starting motor by
controlling the semiconductor switch element using a Du-
ty signal by PWM or a Duty signal with an unfixed fre-
quency, and, with the current circuit via the semiconduc-
tor switch element as a first current circuit to the starting
motor, an auxiliary current circuit to the starting motor
adapted to be in parallel to the first current circuit and to
open and close independently of the first current circuit.
Advantage of the Invention
[0018] According to the invention, in a starting motor
system, using a semiconductor switch element, an en-
gine starting system that can improve reliability of the
semiconductor switch element even when an excessive
current flows in a motor may be provided.
The other purposes, features, and advantages of the in-
vention will be clear from the following description of the
embodiment of the invention with respect to the accom-
panying drawings.

Brief Description of Drawings

[0019]

[Fig. 1] Fig. 1 is a configuration diagram showing one
embodiment of an engine starting system of the in-
vention.
[Fig. 2] Fig. 2 shows current waveforms of a starting
motor at the first restart of an engine.
[Fig. 3] Fig. 3 shows current waveforms of the starting
motor at the second restart of the engine.
[Fig. 4] Fig. 4 shows current waveforms of the starting
motor at the third restart of the engine.

Description of Embodiment

[0020] As below, one embodiment will be explained in
detail with reference to the drawings.
[0021] Fig. 1 is an explanatory diagram showing an
example of an engine starting system according to the
invention. A starting motor 1 for starting an engine (not
shown) is connected to a battery 8 by a first current circuit
via a harness (wiring) 4 and a first semiconductor switch
element 6. Further, the starting motor 1 is also connected
to the battery 8 by an auxiliary current circuit via an elec-
tromechanical switch 3 of a first solenoid 2a and a har-
ness 5 adapted to be in parallel to the first current circuit,
and the other end of the battery 8 is grounded.
[0022] Note that the auxiliary current circuit may be
adapted to be opened and closed not by the electrome-
chanical switch 3, but by a semiconductor switch element
(not shown).
[0023] Further, one end of the first solenoid 2a is con-
nected to the battery 8 via a second semiconductor switch
element 7 and the other end is grounded. For the ener-
gization to the first solenoid 2a, the second semiconduc-
tor switch element 7 may not be used, but connection to

the battery 8 via a vehicle relay (not shown) in general
use may be used. A second solenoid 2b is connected to
the battery 8 via a relay 13 driven by a control unit 9, but
may be connected to the battery 8 via a semiconductor
switch element (not shown).
[0024] To the first semiconductor switch element 6 and
the second semiconductor switch element 7, control sig-
nals of Duty signals by PWM (Pulse Width Modulation)
or Duty signals with unfixed frequencies may be supplied
from the control unit 9.
[0025] In the case where a predetermined condition is
fulfilled and idling of the engine is stopped, and then, a
restart request of the engine (for example, release of the
brake pedal) is issued by a driver, Duty signals by PWM
are supplied from the control unit 9 to the first semicon-
ductor switch element 6 and the second semiconductor
switch element 7, and the relay 13 is driven. Alternatively,
the frequencies of the Duty signals may not be fixed.
[0026] A shift lever 10 transmits an amount of move-
ment of the second solenoid 2b to a pinion 11, the pinion
11 meshes with a ring gear 12 coupled to the rotation
shaft of the engine and the rotation force of the starting
motor 1 is transmitted to the ring gear 12, and thereby,
the engine is cranked and started.
[0027]  Of the above described three types of engine
restart modes in the configuration, first, the first restart
mode (engine restart when starting moving on a green
light after stopping on a red light for one minute) will be
explained using Fig. 2. When the vehicle speed and the
driving situation are checked and the condition for idling
stop of the engine is satisfied, the engine is stopped by
cutting the fuel or otherwise as shown by (1) in Fig. 2. In
the stopping process of the engine, a predetermined con-
dition, for example, the number of rotations of the engine
is achieved to 400 rpm, the Duty signal by PWM is trans-
mitted in a short time from the control unit 9 to the first
semiconductor switch element 6, and the starting motor
1 is rotated. The number of rotations of the starting motor
1 and the number of rotations of the engine are moni-
tored, the control unit 9 drives the relay 13 and the sole-
noid 2b is driven at the time when both numbers of rota-
tions may be nearly synchronized, and thereby, the pin-
ion 11 meshes in the ring gear 12 of the engine by the
shift lever 10 and waits for a restart request of the engine.
(3), (3)a, (3)b of Fig. 2 show the currents flowing in the
starting motor 1 when the Duty signal by PWM is trans-
mitted in a short time from the control unit 9 to the first
semiconductor switch element 6 and the starting motor
1 is rotated. (3) shows the case where energization is
performed only by a mechanical contact like the starting
motor well known in related art, and, by controlling the
energization of the first semiconductor switch element 6,
the energization is controlled to the minimum necessary
current value as shown in (3)b, and the voltage drop (not
shown) of the battery may be kept to the minimum nec-
essary.
[0028] Then, when the restart request is issued after
the signal turns green, for example, the relay 13 is driven

3 4 



EP 2 568 159 A1

4

5

10

15

20

25

30

35

40

45

50

55

from the control unit 9 and the second solenoid 2b is
driven, and the state in which the pinion 11 that has al-
ready meshed with the ring gear 12 is meshing with the
ring gear 12 side is held via the shift lever 10 and the
Duty signal by PWM is transmitted to the first semicon-
ductor switch element 6. By the transmission of the Duty
signal, a current flows from the battery 8 to the starting
motor 1 via the harness 4 and the first semiconductor
switch element 6 and the starting motor 1 rotates, the
ring gear 12 of the engine rotates via the pinion 11, and
thereby, the engine is restarted. (5), (5)a, (5)b of Fig. 2
show the currents flowing in the starting motor 1 in this
regard. Like (3), (3)a, (3)b, compared to the current (5)
when the energization is performed only by the mechan-
ical switch of the starting motor well known in related art,
the energization is performed in the minimum necessary
current value by energization control using the first sem-
iconductor switch element 6, and thus, the voltage drop
(not shown) of the battery may be kept to the minimum
necessary.
[0029] As described above, the energization path to
the starting motor 1 in the first restart mode is only the
first current circuit from the battery 8 via the first semi-
conductor switch element 6 and the harness 4.
[0030] Next, the second restart mode will be explained
as below.
[0031] (6) of Fig. 3 shows when a restart request of the
engine is issued in the automatic stop period in which
the condition of idling stop is satisfied and the engine is
automatically stopped. When the restart request is made
nearly at the swing-back (negative rotation) immediately
before the engine rotation is completely stopped, the cur-
rent load on the starting motor 1 becomes excessive. As
an example, compared to the energization current (5)b
to the starting motor 1 in the first restart mode, in the
restart in the middle of the engine rotation stop, the load
current to the starting motor 1 becomes excessive as
shown by (7).
[0032] When the restart request is issued, the relay 13
is driven from the control unit 9 and the second solenoid
2b is driven, the state in which the pinion 11 that has
already meshed with the ring gear 12 is meshing with the
ring gear 12 side is held via the shift lever 10, then, the
Duty signal by PWM is transmitted to the first semicon-
ductor switch element 6, and a current flows from the
battery 8 to the starting motor 1 via the harness 4 and
the first semiconductor switch element 6. By the Duty
signal by PWM, the current is restricted only in a prede-
termined time, then, the control unit 9 drives the relay 13,
and thereby, drives the first solenoid 2a, the auxiliary
current circuit (the battery 8 to the harness 5 to the elec-
tromechanical switch 3) adapted to be in parallel to the
first current circuit is closed, and currents are supplied in
the first current circuit and the auxiliary current circuit
connected in parallel in the starting motor 1. Then, when
the swing-back is ended, the engine rotates in the positive
rotation direction, and the pistons exceed the top dead
center or after the pistons exceed the top dead center,

the control unit 9 terminates the driving of the relay 13
so that the auxiliary current circuit may be closed. Alter-
natively, the auxiliary current circuit may remain connect-
ed to the first current circuit in parallel after the engine is
started before the starting motor is stopped. (8), (8) a,
(8)b of Fig. 3 show the currents flowing in the starting
motor 1 at the restart. Compared to the current (7) when
energization is performed using only the first current cir-
cuit, by providing the first current circuit and the auxiliary
current circuit in parallel, the current (8)a of the first cur-
rent circuit via the first semiconductor switch element 6
becomes significantly smaller than the total current (8)
of the first current circuit and the auxiliary current circuit.
[0033] Next, the third restart mode will be explained as
below.
[0034] (9) of Fig. 4 shows when a restart request is
issued immediately after the automatic stop of the engine
is completed and the engine is completely stopped, and
the pressure within the cylinders of the engine remains
high in the case where the pistons (not shown) of the
engine are stopped before the top dead center or the like
and the current load on the starting motor becomes ex-
cessive. Compared to the energization current (5)b to
the starting motor 1 in the first restart mode, in the restart
immediately after the engine rotation stop, the current
load on the starting motor 1 becomes excessive as shown
by (10).
[0035] When the restart request is issued, the relay 13
is driven from the control unit 9 and the second solenoid
2b is driven, the state in which the pinion 11 that has
already meshed with the ring gear 12 is meshing with the
ring gear 12 side is held via the shift lever 10, then, the
Duty signal by PWM is transmitted to the first semicon-
ductor switch element 6, and a current flows from the
battery 8 to the starting motor 1 via the harness 4 and
the first semiconductor switch element 6. By the Duty
signal by PWM, the current is restricted only in a prede-
termined time, then, the control unit 9 drives the relay 13,
and thereby, drives the first solenoid 2a, the auxiliary
current circuit (the battery 8 to the harness 5 to the elec-
tromechanical switch 3) adapted to be in parallel to the
first current circuit is closed, and currents are supplied in
the first current circuit and the auxiliary current circuit
connected in parallel in the starting motor 1. Then, the
movement of the pistons of the engine is checked by the
signal of a crank angle sensor (not shown) or the like,
when the pistons exceed the top dead center or after the
pistons exceed the top dead center, the control unit 9
terminates the driving of the relay 13 so that the auxiliary
current circuit may be closed. Alternatively, the auxiliary
current circuit may remain connected to the first current
circuit in parallel after the engine is started before the
starting motor is stopped. (11), (11) a, (11) b of Fig. 4
show the currents flowing in the starting motor 1 in this
regard. Compared to the current (10) when energization
is performed using only the first current circuit, by pro-
viding the first current circuit and the auxiliary current
circuit in parallel, the current (11)a of the first current cir-
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cuit via the first semiconductor switch element 6 becomes
significantly smaller than the total current (11) of the first
current circuit and the auxiliary current circuit.
[0036] Therefore, in the second and third restart modes
in which the excessive currents flow in the starting motor
1, by connecting the first current circuit and the auxiliary
current circuit in parallel, the energization current to the
first semiconductor switch element 6 can be significantly
reduced and the current capacity of the first semiconduc-
tor switch element 6 may be made the necessary mini-
mum, and additionally, the starting system with high re-
liability can be supplied.
[0037] However, If the first, second, third restart modes
are determined and controlled, the configuration be-
comes complex, and, when the engine is restarted after
idling stop, the first current circuit and the auxiliary current
circuit may be constantly controlled to be in parallel and
the current in the first current circuit via the first semicon-
ductor switch element 6 may be reduced in any one of
the restart modes.
[0038] Further, in the manual transmission car, even
when self-propulsion of the vehicle using power of the
starting motor is necessary, the current is restricted by
opening the first current circuit or controlling the semi-
conductor switch element using the Duty signal by PWM
and using the auxiliary current circuit as the main current
path to the starting motor, and thereby, the engine can
be started without losing the reliability of the first semi-
conductor switch element.
[0039]  Furthermore, in the first current circuit to the
starting motor 1 via the first semiconductor switch ele-
ment 6, even when the temperature of the first semicon-
ductor switch element 6 rises beyond the acceptable
range or becomes dysfunctional, the energization to the
starting motor may be performed by closing only the sec-
ond current path and the engine can be started.
[0040] In addition, even when a predetermined time is
taken until the control unit for controlling the first semi-
conductor switch element 6 and the second semiconduc-
tor switch element 7 becomes operative (for example,
start by Key), the first solenoid 2a adapted to be driven
via a vehicle relay (not shown) in general use is driven,
and thereby, the current can be supplied to the starting
motor 1 via the auxiliary current circuit and the engine
can be quickly started without waiting in the predeter-
mined time.
[0041] Further, in the case where the engine is started
when the engine is cold (including the extremely low tem-
perature such as -25°C), the current load on the starting
motor 1 becomes larger because of reduced viscosity of
the engine oil or the like, and the gasoline is hard to be
gasified and the start of the engine takes time, the tem-
perature of the first semiconductor switch element 6 rises
beyond the acceptable range in the first current circuit.
However, the current is restricted by opening the first
current circuit or controlling the semiconductor switch el-
ement using the Duty signal by PWM and using the aux-
iliary current circuit as the main current path to the starting

motor, and thereby, the engine can be started without
losing the reliability of the first semiconductor switch el-
ement.
[0042] Furthermore, to improve the life of the first sem-
iconductor switch element 6, means for opening and clos-
ing the auxiliary current circuit is formed using a semi-
conductor switch element and the function of the first
current circuit and the function of the auxiliary current
circuit are controlled by the control unit 9 to be alternate
or at nearly equal use frequencies, and thereby, the use
limit (life) of the first semiconductor switch element can
be extended to nearly twice.
[0043] In addition, for protection of the first semicon-
ductor switch element 6, in the first current circuit to the
starting motor 1 via the first semiconductor switch ele-
ment 6, the temperature of the first semiconductor switch
element 6 is monitored, given that the temperature of the
first semiconductor switch element 6 is the acceptable
value, for example, 170°C, when the temperature be-
comes the threshold value 150°C below the value, the
control signal to the first semiconductor switch element
6 is stopped to open the first current circuit and close
only the second current path in the control unit 9, and
thereby, energization to the starting motor is performed.
In this manner, the engine may be started without losing
the reliability of the first semiconductor switch element
6. Further, for protection of the first semiconductor switch
element 6, in place of the above described method of
monitoring the temperature of the semiconductor switch
element, by checking the current and the energization
time of the first semiconductor switch element 6, when
current x energization time exceeds a predetermined val-
ue, the control signal to the first semiconductor switch
element 6 is stopped to open the first current circuit and
close only the second current path in the control unit 9,
and thereby, energization to the starting motor is per-
formed. Also, in this manner, the engine can be started
while the first semiconductor switch element is protected.
Furthermore, the protection of the semiconductor switch
element may be realized by a method using both the
temperature and the current x energization time of the
semiconductor switch element. Note that the predeter-
mined value also varies depending on the relationship
between heat generation and discharge of the element.
The above description has been made with respect to
the embodiment, however, as will be understood by the
person skilled in the art, the invention is not limited to that
and various changes and alterations may be made within
the spirit and the appended claims of the invention.

Reference Signs List

[0044]

1 starting motor
2a first solenoid
2b second solenoid
3 electromechanical switch
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4 harness of first current circuit
5 harness of auxiliary current circuit
6 first semiconductor switch element
7 second semiconductor switch element
8 battery
9 control unit
10 shift lever
11 pinion
12 ring gear of engine
13 relay

Claims

1. An engine starting system including a semiconductor
switch element and a starting motor, and starting an
engine of a vehicle by drive power of the starting
motor by turning on a current circuit to the starting
motor according to an instruction signal using the
semiconductor switch element, the system compris-
ing:

restricting means for restricting energization to
the starting motor by controlling the semicon-
ductor switch element using a Duty signal by
PWM or a Duty signal with an unfixed frequency;
and
with the current circuit via the semiconductor
switch element as a first current circuit to the
starting motor, an auxiliary current circuit to the
starting motor adapted to be in parallel to the
first current circuit and to open and close inde-
pendently of the first current circuit.

2. The engine starting system according to claim 1,
wherein, at restart when a restart request of an en-
gine is issued in an automatic stop period of the en-
gine after an automatic stop request is issued during
driving of the engine, the auxiliary current circuit is
closed.

3. The engine starting system according to claim 1,
wherein, at restart when a restart request of an en-
gine is issued after an automatic stop request is is-
sued during driving of the engine and the engine is
completely stopped, the auxiliary current circuit is
closed.

4. The engine starting system according to claim 1,
wherein, at restart when a restart request of an en-
gine is issued after an automatic stop request is is-
sued during driving of the engine and the engine
starts automatic stop, the auxiliary current circuit is
closed.

5. The engine starting system according to claim 1,
wherein, when vehicle self-propulsion in the starting
motor is necessary in a manual transmission car, a

current is restricted by opening the first current circuit
or controlling the semiconductor switch element us-
ing the Duty signal by PWM or the Duty signal with
the unfixed frequency, and the auxiliary current cir-
cuit is used as a main current path to the starting
motor.

6. The engine starting system according to claim 1,
wherein, in the first current circuit to the starting mo-
tor via the semiconductor switch element, when a
temperature of the semiconductor switch element
rises beyond an acceptable range or becomes dys-
functional, energization to the starting motor is per-
formed only by the second current path.

7. The engine starting system according to claim 1,
wherein, in the case where some time is taken until
the control means for controlling the semiconductor
switch element becomes operative, for example, in
the case of engine start by Key, a current can be
supplied to the starting motor using only the auxiliary
current circuit.

8. The engine starting system according to claim 1,
wherein, in the case of starting when an engine is
cold, a current is restricted by opening the first cur-
rent circuit or controlling the semiconductor switch
element using the Duty signal by PWM or the Duty
signal with the unfixed frequency, and the auxiliary
current circuit is used as a main current path to the
starting motor.

9. The engine starting system according to claim 1,
wherein means for opening and closing the auxiliary
current circuit is performed by the same or similar
semiconductor switch element as or to the semicon-
ductor switch element formed in the first current cir-
cuit.

10. The engine starting system according to claim 1,
wherein the first current circuit and the auxiliary cur-
rent circuit are controlled so that respective functions
may be alternate or at nearly equal use frequencies.

11. The engine starting system according to claim 9,
wherein the first current circuit and the auxiliary cur-
rent circuit are controlled so that respective functions
may be alternate or at nearly equal use frequencies.

12. A control method of an engine starting system in-
cluding:

a starting motor;
a first current circuit having a semiconductor
switch element provided in a middle and opening
and closing in response to operation of the sem-
iconductor switch element;
control means for restricting a current by con-
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trolling the semiconductor switch element using
a Duty signal by PWM or a Duty signal with an
unfixed frequency; and
a second current circuit having a mechanical
switch provided in a middle and opening and
closing in response to operation of the mechan-
ical switch,
a current being supplied to the starting motor via
the first current circuit and/or the second current
circuit to start an engine of a vehicle,
the method comprising
first opening either of the first current circuit or
the second current circuit according to a state
of the semiconductor switch element and/or the
engine after the first current circuit and the sec-
ond current circuit are closed.

13. The control method of the engine starting system
according to claim 12, wherein, when the engine
negatively rotates, and then, the engine positively
rotates, the second current circuit is first opened.

14. The control method of the engine starting system
according to claim 12, wherein, when the engine pos-
itively rotates after a restart request of the engine is
issued in a period for stopping the engine on an au-
tomatic stop request during driving of the engine, the
second current circuit is first opened.

15. The control method of the engine starting system
according to claim 12, wherein, when the semicon-
ductor switch element is in a state that the temper-
ature is a predetermined value or higher or current
x energization time is a predetermined value or high-
er, the first current circuit is first opened.

Amended claims in accordance with Rule 137(2)
EPC.

1. An engine starting system including a semicon-
ductor switch element and a starting motor, and start-
ing an engine of a vehicle by drive power of the start-
ing motor by turning on a current circuit to the starting
motor according to an instruction signal using the
semiconductor switch element, the system compris-
ing:

restricting means for restricting energization to
the starting motor by controlling the semicon-
ductor switch element using a Duty signal by
PWM or a Duty signal with an unfixed frequency;
and
with the current circuit via the semiconductor
switch element as a first current circuit to the
starting motor, an auxiliary current circuit to the
starting motor adapted to be in parallel to the
first current circuit and to open and close inde-

pendently of the first current circuit.

2. The engine starting system according to claim 1,
wherein, at restart when a restart request of an en-
gine is issued in an automatic stop period of the en-
gine after an automatic stop request is issued during
driving of the engine, the auxiliary current circuit is
closed.

3. The engine starting system according to claim 1,
wherein, at restart when a restart request of an en-
gine is issued after an automatic stop request is is-
sued during driving of the engine and the engine is
completely stopped, the auxiliary current circuit is
closed.

4. The engine starting system according to claim 1,
wherein, at restart when a restart request of an en-
gine is issued after an automatic stop request is is-
sued during driving of the engine and the engine
starts automatic stop, the auxiliary current circuit is
closed.

5. The engine starting system according to claim 1,
wherein, when vehicle self-propulsion in the starting
motor is necessary in a manual transmission car, a
current is restricted by opening the first current circuit
or controlling the semiconductor switch element us-
ing the Duty signal by PWM or the Duty signal with
the unfixed frequency, and the auxiliary current cir-
cuit is used as a main current path to the starting
motor.

6. Amended) The engine starting system according
to claim 1, wherein, in the first current circuit to the
starting motor via the semiconductor switch element,
when a temperature of the semiconductor switch el-
ement rises beyond an acceptable range or be-
comes dysfunctional, energization to the starting
motor is performed only by the auxiliary current cir-
cuit.

7. The engine starting system according to claim 1,
wherein, in the case where some time is taken until
the control means for controlling the semiconductor
switch element becomes operative, for example, in
the case of engine start by Key, a current can be
supplied to the starting motor using only the auxiliary
current circuit.

8. The engine starting system according to claim 1,
wherein, in the case of starting when an engine is
cold, a current is restricted by opening the first cur-
rent circuit or controlling the semiconductor switch
element using the Duty signal by PWM or the Duty
signal with the unfixed frequency, and the auxiliary
current circuit is used as a main current path to the
starting motor.
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9. The engine starting system according to claim 1,
wherein means for opening and closing the auxiliary
current circuit is performed by the same or similar
semiconductor switch element as or to the semicon-
ductor switch element formed in the first current cir-
cuit.

10. The engine starting system according to claim
1, wherein the first current circuit and the auxiliary
current circuit are controlled so that respective func-
tions may be alternate or at nearly equal use fre-
quencies.

11. The engine starting system according to claim
9, wherein the first current circuit and the auxiliary
current circuit are controlled so that respective func-
tions may be alternate or at nearly equal use fre-
quencies.

12. A control method of an engine starting system
including:

a starting motor;
a first current circuit having a semiconductor
switch element provided in a middle and opening
and closing in response to operation of the sem-
iconductor switch element;
control means for restricting a current by con-
trolling the semiconductor switch element using
a Duty signal by PWM or a Duty signal with an
unfixed frequency; and
a second current circuit having a mechanical
switch provided in a middle and opening and
closing in response to operation of the mechan-
ical switch,
a current being supplied to the starting motor via
the first current circuit and/or the second current
circuit to start an engine of a vehicle,
the method comprising
first opening either of the first current circuit or
the second current circuit according to a state
of the semiconductor switch element and/or the
engine after the first current circuit and the sec-
ond current circuit are closed.

13. The control method of the engine starting system
according to claim 12, wherein, when the engine
negatively rotates, and then, the engine positively
rotates, the second current circuit is first opened.

14. The control method of the engine starting system
according to claim 12, wherein, when the engine pos-
itively rotates after a restart request of the engine is
issued in a period for stopping the engine on an au-
tomatic stop request during driving of the engine, the
second current circuit is first opened.

15. The control method of the engine starting system

according to claim 12, wherein, when the semicon-
ductor switch element is in a state that the temper-
ature is a predetermined value or higher or current
x energization time is a predetermined value or high-
er, the first current circuit is first opened.
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